
1 Au+Au Collision Centrality

The PHENIX experiment [1] at the Relativistic Heavy Ion
Collider, RHIC, at Brookhaven National Laboratory was
used to measure the event-by-event energy produced trans-
verse to the RHIC beam, ET , as a function of centrality in
Au+Au interactions at

√
sNN = 62.4 GeV, 130 GeV, and

200 GeV. The ET distribution was measured using the lead
scintillator (PbSc) sectors of the PHENIX electromagnetic
calorimeters (EMC) which cover part of a circular circum-
ference about the beam axis of radius 5.1 m (see Fig. 1).

Figure 1: PHENIX EMC and coordinate system
(X, Y, Z, θ, φ).

The Au+Au events analyzed are minimum-bias, triggered
by two Beam-Beam Counters (BBC) and two Zero Degree
Calorimeters (ZDC), located near forward and backward
beam directions. The BBC’s consist of Cherenkov photo-
multiplier tubes and are situated at ± 144.5 cm from the
nominal interaction point of Z ≡ 0 of the two beams; they
cover an acceptance ∆φ = 3600 and 3.05 < |η| < 3.85, where
η = − ln[tan(θ/2)], and are designed with a hole in their cen-
ters allowing the RHIC beam to pass through unimpeded.
The ZDC’s are located directly in the beam path approxi-
mately 18 meters from Z ≡ 0, where steering magnets guide
charged beam remnants around them leaving them open
for beam spectator neutrons. The BBC’s and ZDC’s pro-
vide event impact, timing, and vertex information. Events
were selected within a 20 cm Z-vertex reconstructed by the
BBC’s, a trigger requirement of at least two particles in each
BBC. The PHENIX magnetic field was on during data col-
lection.

The distribution of the raw transverse energy per event
in the EMC acceptance, ET (EMC), was measured for events
meeting the BBC-Z-vertex selection requirement, and de-
noted as the inclusive distribution. Using the measured re-
sponse in the ZDC and or BBC, as illustrated in Fig. 2,
the events of the inclusive distribution were redistributed
into several semi-inclusive ET (EMC) distributions each cor-

responding to a different Au+Au collision centrality class
related to the range of impact parameters of the Au+Au in-
teraction. After acceptance corrections the 〈ET 〉 in 5% wide
centrality classes is evaluated against a corresponding mod-
eled number of interacting nucleon or quark participants,
(Nn−part, Nq−part) .

The BBC charge distribution in
√

sNN = 62.4 GeV was
used for the 62.4 GeV centrality definition, and the ZDC vs.
BBC signals used for the centrality definitions at 130 GeV
and 200 GeV, and as shown in Figures 2(a), and 2(b). The
trigger efficiency with respect to the total inelastic Au+Au
cross section, σinel.

Au+Au, was evaluated using the measured
BBC spectra, with result 83.7% ± 3.2% at 62.4 GeV [2],
92.2%+2.5%

−3.0% at 130 GeV [3], and 92.2%+2.5%
−3.0% also at 200

GeV [4]; where the unobserved part of the inelastic cross sec-
tion are peripheral interactions. This results in the largest
systematic error on ET which is explained in Section 4.
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(a) 62.4 GeV Au+Au centrality by BBC

(b) 200 GeV Au+Au centrality by clock (ZDC vs. BBC)

Figure 2: Histogram of inclusive BBC charge distribution
of events (top), and scatter plot of event ZDC energy vs.
event BBC charge (bottom), used to sort Au+Au events into
collision centrality classes which in the present measurement
were done in 5% wide bins.
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